In this paper, we analyzed the UL43 gene of duck plague virus (DPV) of codon usage bias. The results may provide a basis for understanding the evolution and pathogenesis of DPV and for selecting appropriate host expression systems to improve the expression of target gene in vitro. In this study, the synonymous codon usage bias of UL43 gene in the 24 herpesviruses have been analyzed and the results showed obvious differences by the Codon Adaptation Index (CAI), effective number of codons (ENC) and the value of G + C content at the 3rd codon position (GC 3s ). In addition, the results revealed that the synonymous codons with A and T at the third codon positon have widely usage in the codon of UL43 gene of DPV. G + C compositional constraint is the main factor that determines the codon usage bias in UL43 gene. The phylogenetic analysis suggested that DPV was evolutionarily closer to fowl herpesviruses which further clustered into Alphaherpesvirinae. Furthermore the ORF of UL43 gene has sequential rare codons. There were 25 codons showing distinct usage differences between DPV with Escherichia coli, 24 codons showing distinct usage differences between DPV with yeast, and 32 between DPV and H. sapiens. Therefore the yeast and E. coli expression system may be suitable for the expression of DPV UL43 gene if some codons could be optimized.
Introduction
Codon Usage Bias was defined as deviation from equal usage of synonymous codons [1] . There are 64 codons to code 20 amino acids and the start and stop signals. Most amino acids were coded by more than one codon (synonymous codons) [2] , but the synonymous codon usage are not used equally both within and between genomes [3] [4] . Previous research have been showed that codon usage bias may be very complicated and associated with various biological factors, such as gene expression level [5] , gene length [6] , gene translation initiation signal [7] , protein amino acid composition [8] , protein structure [9] , tRNA abundance [10, 11] , mutation frequency and patterns [8, 12] , GC composition [13, 14] , and environmental factors [15] . For a number of different organisms, it was suggested that codon usage is best explained by selection for tRNA abundance, gene expression levels, and translational optimization [16] . Recently, it was also suggested that codon usage is related to gene function [17] and the the evolutionary history of an organism in metazoan genomes [18] . Codon usage bias is widely studied in particular organisms to achieve high expression of heterologous proteins in vitro and to improve the design of oligonucleotide probes and primers in order to provide a general understanding of the molecular evolution of species. Codon usage information in different organisms has also been analyzed. Several evolutionary processes have been provided an opportunity to inspect the relationship between codon usage and the evolutionary age of genes [18] , and all synonymous codons might be integrated parts of the Genetic Code with equal importance in maintaining its functional integrity [1] . Studies of the synonymous codon usage in viruses can reveal information about the molecular evolution of individual genes and such information would be relevant to understanding the regulation of viral gene expression and also to vaccine design where the efficient expression of viral proteins may be required to generate immunity [19, 20] . Recently, analyses of the patterns of codon usage bias of herpesviruses are primarily focused on the pseudorabies virus (PRV) [21] , herpes simplex virus type 1 (HSV-1) [22] , Epstein-Barr virus [23] . However, except for UL24, UL26.5, UL35, gE, dUTPase, the codon usage bias in DPV genome was known little [2, [24] [25] [26] [27] .
Duck plague , known as duck viral enteritis (DVE), is an acute, lethal and contagious disease caused by Herpesviridae, duck plague virus (DPV) that occurs worldwide among domestic and wild ducks, geese, swans, and other water fowl, with migratory waterfowl contributing to spread between continents [28, 29] . Morbidity and mortality vary from 5 to 100%, most ducks that develop clinical signs die. Strains of virus vary in virulence, but only a single antigenic type has been recognized. Now most of the previous research work has focused on the epidemiology and prevention of this disease. However, the molecular biology information about the DPV genome is limited. Recently, the UL43 gene was isolated and identified from DPV CHv strain in our laboratory [30] . The UL43 gene encodes nonglycosylated membrane-associated protein and is conserved only within the Alpha-and Gammaherpesvirinae subfamilies [31] . Little is known about the molecular informations and function of DPV UL43 protein at present. In this study, we first analyzed the synonymous codon usage in the UL43 gene of DPV and compared with those of 23 other species of herpesviruses. Moreover, the codon usage bias in the DPV gene was compared with those of Escherichia coli, yeast and H. sapiens. In addtion, we also investigated the rare codons of UL43 gene. All these datas might provide some insights into the features of the DPV genome, the possible function of DPV UL43 gene as well as the suitable expression system in in vitro.
Materials And Methods

Virus Species and Gene Sequences
The DPV CHv strain, a high-virulence strain of DPV, was obtained from Key Laboratory of Animal Disease and Human Health of Sichuan Province. The UL43 gene of the DPV CHv strain (GenBank accession no.EU071037) was isolated and identified by our laboratory. The nucleotide sequences of the UL43 genes of 23 reference herpesviruses were obtained from the NCBI GenBank nucleotide database (Table 2) .
Analysis on Codon Usage in UL43 Gene of DPV and 23 Reference Herpesviruses
The'Effective Number of Codons' (ENC) was often used to quantify the codon usage bias of an ORF in an individual gene. The values range from 20 to 61. In an extremely biased gene where only one codon is used for each amino acid, this value would be 20; in an unbiased gene, it would be 61. The ENC value of the UL43 gene in each reference herpesvirus was computed with The European Molecular Biology Open Software Suite (EMBOSS) CHIPS online service program. The peculiarity in codon usage frequency and the G + C content of the gene sequences were also calculated with the CUSP program of EMBOSS.
Molecular Characterization and Phylogenetic Analysis of the DPV UL43 Gene
SHOWORF, an EMBOSS nucleotide translation program, was used to read and transfer the nucleotide sequence data to a computer file. Phylogenetic analysis was performed for the UL43 genes of 24 herpesviruses with CLUSTAL-X and TREEVIEW software. Relative synonymous codon usage values (RSCU) of each codon in a gene was used to examine the synonymous codon usage without the confounding influence of amino acid composition [32] . RSCU value >1.0 indicated that the corresponding codon was more frequently used than expected, whereas the reverse was true for RSCU value <1.0 [33] . The RSCU values of UL43 genes were analyzed with the CodonW.
Analysis the Rare Codons of DPV UL43 Gene
The proteins in heterologous hosts are often difficult to express or at very low levels. They might contain codons that are rarely used in the desired host. Log to http://nihserver.mbi.ucla.edu/RACC/ to analyze the rare codons of the DPV UL43 gene.
Comparison of Codon Preferences of DPV UL43 Gene with Those of E. coli , Yeast and H. sapiens
To examine whether different species follow with the same codon usage rule, Codon usage bias in the DPV UL43 gene was determined with the SPSS 13.0 software, and we compare the UL43 codon usage bias among DPV, E. coli, yeast and H. sapiens (create a codon usage table). The database of the codon usage in E. coli, yeast and H. sapiens is available at http://www.kazusa.or.jp/codon .
Results
Variation in DPV UL43 Codon Usage and Amino Acid Composition
While the relative synonymous codon usage values (RSCU) and the related measures indicate the overall DPV UL43 codon bias, it is also important to closely investigate the pattern of codon bias. Table 1 shows the codon preferences of DPV UL43 gene. Sixty-one codons (excepting Met and the termination codons) in the polypeptide, with eleven synonymous codons strong bias toward A-ended and eight toward T-ended at the third codon position, were used. A high level of diversity in codon usage bias existed for coding the Ala, Gly, Leu, Pro, Arg, Ser, Thr and Val amino acids because they have a 6-fold and 4-fold coding degeneracy.
Codon Usage Analysis of the UL43 genes of DPV and Reference Herpesviruses
The results obtained by CodonW and EMBOSS analysis of the ENC, CAI, coding G + C content (GC%) and the G + C contents at the third codon position content (GC 3S %) of 24 herpesviruses species are shown in Table 2 . Codon usages in the UL43 genes are highly nonrandom in all the herpesviruses, and the overall base compositions of the UL43 genes in these species also differ dramatically. From the In general speaking, if the ENC value of a gene is 35 or less, that gene is thought to possess strong codon bias [34] . Analyzing the ENC values of all the UL43 genes, the results showed the majority of them do not have a strong codon bias. The plot of ENC and GC 3S content is another effective way to explore codon usage variation among different genes [34] . In Fig.1 , the solid line represents the curve if codon usage is only determined by GC 3S content. If GC 3S is the only determinant factor shaping the codon usage pattern, the values of ENC would fall on a continuous curve, which represents random codon usage [35] . For UL43 genes, only a few ENC values were lined on the curve and others were plotted against both GC 3S content and the expected ENC value. Result suggested that there are other factors thet contributed to the codon usage pattern in the UL43 genes besides the genomic composition. 
Characterization of the DPV UL43 Gene
Usinng CLUSTAL-X and TREEVIEW software, A phylogenetic tree was established from the deduced amino acids encoded by the 1503 bp ORF of the UL43 gene of DPV and the 23 reference herpesviruses (Fig. 2) . It shows that there are mainly three branches for the 24 herpesvirus. DPV has been clustered in one branch Alphaherpesvirinae. The DPV, MaHV-2, GaHV-3, and MeHV-1 are clustered in a distinct subbranch. The identified high amino acid sequence similarity suggests that the UL43 protein of DPV is evolutionary closer related to MaHV-2, GaHV-3, and MeHV-1, and that the amino acid sequences of UL43 gene are higher similarity. The curve indicates the expected codon usage if GC compositional constraints alone accout for codon usage bias. (Table 2) , and constructed with CLUSTAL-X and MEGA software Rare condons analysis showed that there are 46 rare condons (9.318%) in the ORF of the DPV UL43 gene by using codon usage database on line (http://nihserver.mbi.ucla.edu/RACC/) (shown in Fig.3 ). The result revealed that there have sequential more than two rare codons in the in the ORF of the DPV UL43 gene. atg agc gag cag gcg aac gcg acg gag cgt cct gtc gtg gcc gaa gtg cag cct acg gtt acg gac acg acc ggc gag aca ccg CGA acg cca ccg cct cct tac gaa gaa gcg agc caa cat ggc aat tct gca tgc acc CTA cct cca tac agc atg aat tta gag AGA aat ggg cat act gct ATA ccg caa gca ccg atc gcc gca aat aca ggg atg gcg ccg CTA ttg acc gat ggg tcc AGA cag ttg atg aca tct agt tct ATA tcg AGA tgt AGA gca tcg CGA gat ggt tgt ggg cca tgt aca atc gca tct act ATA tct gta ttc atg atc ggg ttt cat gca gcc atg att gct gca tgt aca aca aca att ctt atg cca acg aat cgc att tcg ttg gcc gga gcc aca att gcg CTA ttg gct ATA gca ATA ctt aat att tta CGA tac tca tca aaa ttt atg aaa atg atg tgc CTA acg ttt aag ttg ttg caa att ttg gca tgt att tcc gcc ttg gtt ATA gga ctg aca AGA acg gag gtc aag aca gaa tta ttg cgg aat aag ATA ccg atc gac tcg aac atg cat gcg ttt aac ATA gca tat gta acg gcg CTA gta tta tct gtc gta ttc ggt acg cca gtt ttc gca tac tac att tca tgt gcc gcg acc gga gca ccg ccg cat atg ATA gct aca ttt att agt gcc tct ctt ggc att tct ttg gga att gta acc cca tta att AGA ggt aat gtg tgg ATA gcg att ggg ttt gga gcc gct ATA atg atc ttg ggc tgt ttg aag gac tat ggc gca aaa atg cgt gac aca tgt cat tac aaa tta gcg cgt ttt gct acg atg AGG aca tat gcg gat atg ggt ttc gga gta gca ttt cag CCC gct tca att cca cca aat ggc gat gga CTA cct CGA atg cac att gga aca cac gaa gag gac gtg tct att ttt gat gtc ctt aaa cgg cgg aaa AGA cat tca tgt tat aca CTA ttt tca atc CTA aca att ccg ttt tta tac gga gta ctt acc ttc cca tat ggt ggt acg ATA cca atc att aag tta act gag act act gca tta gca gtt ctg ttg ggg cat ctc gta aat gtg ttt ATA tta cca cat aag aca tgt tcc atg gcc att tat gta gag cgt gta ctt ATA ATA aca tat ATA CTA CTA cag gtt atc tct acc ATA tta gtg act AGA ggt tat gag gaa CTA ATA tat agt tac gta ttt tcc gtt agt tca caa gta gcg ttg tgt ATA tta ttg ctg cac cgt CGA tgc gtt gga ctc aag ggg ctg gca ttt tca gta gta gca cgt agc atg ttt gca tta ctt ttt tgt tca atc gcg CTA ggt ctt gga att acc tac gtt cgc cgt att tac caa atg agt tac taa Red = rare Arg codons AGG, AGA, CGA ; Green = rare Leu codon CTA ; Blue = rare Ile codon ATA ; Orange = rare Pro codon CCC 
Comparison of Codon Usage between DPV and E. coli , Yeast and H. sapiens
The DPV UL43 gene was compared with those of E. coli, yeast and H. sapiens to see which will be the suitable host for the optimal expression of DPV genes. From Table 3 , there are 25 codons distinct usage differences between DPV UL43 gene and E.coli (a DPV-to-E. coli ratio higher than 2 or lower than 0.50), 24 between DPV UL43 gene and yeast (a DPV -to-yeast ratio higher than 2 or lower than 0.50), 32 between DPV UL43 gene and H. sapiens (a DPV -to-H. sapiens ratio higher than 2 or lower than 0.50). Codons usage analysis datas (Fig.4) shows variation between DPV UL43 gene, E.coli, yeast and H. sapiens. All these might suggest that expressing DPV genes more efficiently in E. coli or yeast systems. The ratio higher than 2 or lower 0.5 indicates that the codon usage preference differs, and vice versa. 
Discussions
The degeneracy of the genetic code implies that multiple triplets codes for the same amino acid . The frequencies with which different codons are used vary significantly between organisms and between proteins within the same organism [36] . Nonetheless, several evolutionary processes have been postulated as the major factors that determine codon usage: selection, mutation, and genetic drift . However, the relative contribution of each of these factors in different species remains debatable [37] [38] [39] [40] . In this paper, we used the EMBOSS CUSP program and CHIPS program to deduce the DPV UL43 gene's RSCU, ENC values, GC and GC3s content and CAI, comparing with 23 reference herpervirus UL43 gene nucleotide sequences. RSCU was used to study the overall synonymous codon usage variation among the genes without the confounding influence of the amino acids composition of different genes, it is defined as the ratio of the observed frequency of codons to the expected frequency if all the synonymous codons for those amino acids are used equally. RSCU values greater than 1.0 indicate that the corresponding codon is more frequently used than expected [33] . From the Table 1 , eleven synonymous codons strong bias toward A-ended and eight toward T-ended at the third codon position were used. A high level of diversity in codon usage bias existed for coding the Ala, Gly, Leu, Pro, Arg, Ser, Thr and Val amino acids. Codons of hydrophobic amino acids, highly represented in integral membrane proteins, are composed of 50% uracils (U) [41] . So the content of A or T ending codons is a important factor. The ENC value and GC 3S content, two important codon usage indices, have been widely used to explore the codon usage variation among different genes [42] [43] [44] . Values of ENC range From 20(when only one codon is used per amino acid) to 61(when all synonyms are used with equal frequency). The ENC values of herpesvirus UL43 genes are dramatically different (from 29 to 61 shown in Table 2 ) but mostly the codon usage bias is lower stronger. The ENC value of DPV UL43 gene is high (ENC>50), so that the codon usage bias is a little stronger. If G+C compositional constraint influences the codon usage , then the GC 3S and ENC correlated spots would lie on [35] or just below the expected curve . If a gene is subject to selection for translationally optimal codons, it will lie considerably below the expected curve [45] . In Fig.1 , a large number of points do not follow the theoretical curve suggesting that other factors other than gene composition contribute to the codon usage pattern in the reference herpesviruses, which maybe mutational bias and natural selection, such as translational selection, the tRNA abundance, leading to the codon usage variation among genes in different organisms.
CAI (Codon Adaptation Index), is a species-dependent codon bias measure, and used as a measure for gene expressivity in studies investigating mutational and selectional [46] . The CAI value is much closer to 1, the codon usage is much stronger and the gene expressing level is much higher. Comparative analysis of UL43 genes in DPV and the reference herpesviruses indicated that synonymous codon usage in these genes is phylogenetically conserved. Datas in Table 2 show that the UL43 genes in DPV, MeHV-1, GaHV-2 and GaHV-3, whose natural host is avian, have a stronger correlation than the UL43 genes of herpesviruses with other hosts. In the Table 3 , the CAI value of DPV UL43 gene is 0.588, which is a little slight lower. We can infer UL43 gene is lowly expressed gene in DPV genome. Simultaneously, the phylogenetic tree analysis based on the UL43 gene products revealed that UL43 protein of the DPV CHv strain and some avian herpesviruses such as MeHV-1, GaHV-2 and GaHV-3, were clustered within a monophyletic clade and grouped within alphaherpesvirinae. We speculate that the codon usage bias of DPV UL43 gene has a very close relation with its gene function and gene type. DPV UL43 gene is similar to the UL43 gene function of the herpesviruses. Studies on the herpes simplex virus (HSV-1) and pseudorabies virus (PRV) UL43 proteins have well documented that the envelope UL43 protein did not impair viral replication either in cell culture or in a mouse infection model, including no effect on neuroinvasion and transneuronal spread [47, 48] . If it is deleted, plaque size is reduced by approximately 10% and viral titers are decreased by ca. 2-to 5-fold [49] . Furthermore, The DPV UL43 protein has several membrane domains, potential ability to cross a membrane several times suggesting a role in signal transduction or as ion channels, just like VZV gene 15, which corresponds to HSV-1 gene UL43, contains a periodic charge pattern similar to that found in voltage-gated ion channels [50] .
The most plausible selection-based explanation for codon usage bias is the selection for efficient translation related to the relative abundance of isoaccepting tRNAs [42, 43] . In order to show the codon usage variation among genes from different organisms, the codon usage bias of DPV was compared with that of E. coli, yeast, and H. sapiens. There are 25 codons distinct usage differences between DPV UL43 gene and E.coli, 24 between DPV UL43 gene and yeast, 32 between DPV UL43 gene and H. sapiens. Thus, we can assume that the E.coli and yeast expression system is suitable for heterologous expression of the DPV gene. In addition, we analyzed the rare condonsof the DPV UL43 gene. There were 46 rare codons and 3 consecutive rare codons in UL43 gene ORF, which may influence the expression of the UL43 gene in vitro. So if we choose the prokaryotic expression system, we should choose the host bacteria Rosseta, which should impove the expression of the exogenous genes. All of these may be of great importance for gene characterization, for gene classification and for assessing the possible role of UL43 protein in viral pathogenesis.
